Introduction {#section1-2151459320938571}
============

With an increase in life expectancy, the incidence of osteoporotic fractures has also increased. Typical osteoporotic fractures are hip fractures, compression fractures of the thoracic and lumbar spines, and distal radius fractures.^[@bibr1-2151459320938571]^ Fixation surgery for osteoporotic fractures tends to result in weak fixation of the screw and slow or uncertain fusion of the fractures. Therefore, more careful treatment and procedure selection are required for osteoporotic fractures than for fractures with normal bone density. Recently, proximal humerus fracture (PHF) has been recognized as a major osteoporotic fracture.^[@bibr2-2151459320938571][@bibr3-2151459320938571][@bibr4-2151459320938571]-[@bibr5-2151459320938571]^ Studies on the relationship with osteoporosis drugs^[@bibr6-2151459320938571]^ and optimal treatment methods are actively conducted.^[@bibr7-2151459320938571][@bibr8-2151459320938571][@bibr9-2151459320938571]-[@bibr10-2151459320938571]^ Predicting and determining the severity of the fracture is important when selecting the treatment method and for prognosis prediction. Finding out whether demographic characteristics, bone mineral density (BMD), and local bone density measurements are related to the fracture severity may help in determining the optimal treatment of PHF.

Bone mineral density is commonly measured by dual-energy X-ray absorptiometry (DXA) and is widely used to represent the patient's overall bone condition.^[@bibr11-2151459320938571]^ Conversely, deltoid tuberosity index (DTI) is often used to measure the local bone density of PHF.^[@bibr12-2151459320938571]^ Although such a local bone density measurement better reflects the osteoporosis of the proximal humerus, the relationship between local bone density and BMD remains unclear. Therefore, we performed this study to investigate (1) correlation between DTI and BMD, (2) whether demographic factors would be risk factors for severe PHF, and (3) relationship of radiological parameters with BMD, DTI, or severe PHF. We hypothesized that the DTI would be correlated with BMD and that old age, BMD, local bone density, and other demographic factors would be risk factors for severe PHF.

Methods {#section2-2151459320938571}
=======

This study has been approved by the appropriate institutional review board (IRB number: ISPAIK 2016-10-020). All procedures performed in the study were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Patients {#section3-2151459320938571}
--------

We conducted a cross-sectional study based on radiographs and medical records taken during admission or the visit to the orthopedic clinic. We reviewed consecutive 100 adult patients who were diagnosed with PHF in our hospital from March 2014 to December 2016. The exclusion criteria were (1) history of fracture at the same site, (2) history of operation near the fracture, (3) patients who did not have key information such as radiological or demographic data. Dual-energy X-ray absorptiometry was routinely taken in PHF patients who did not have DXA test within 3 months. [Figure 1](#fig1-2151459320938571){ref-type="fig"} shows the overall design of the current study.

![Overall design of the current study.](10.1177_2151459320938571-fig1){#fig1-2151459320938571}

Demographic and Clinical Data Acquisition {#section4-2151459320938571}
-----------------------------------------

We gained information about demographic items by examining the patient's medical records included in this study: age, sex, weight, height, BMI, treatment for PHF, history of diseases and medications, and history of fractures. We gained BMD data (hip, spine, and total T scores) from DXA taken within 3 months before and after fracture diagnosis. Because of the wide variety of medical disease histories, the Charlson comorbidity index (CCI) and age-adjusted CCI were used to assess the degree of comorbidities comprehensively.^[@bibr13-2151459320938571][@bibr14-2151459320938571]-[@bibr15-2151459320938571]^

Radiographic Analysis {#section5-2151459320938571}
---------------------

The Neer classification and Arbeitsgemeinschaft für Osteosynthesefragen/Orthopedic Trauma Association classification are used for PHF.^[@bibr16-2151459320938571][@bibr17-2151459320938571]-[@bibr18-2151459320938571]^ We used the easy and widely used Neer classification, based on plain radiographs and additional computed tomography, in this study. The DTI and 5 parameters that showed the fracture pattern of PHF through a true anteroposterior view were evaluated. Three- and 4-part fractures, according to the Neer classification, were regarded as severe PHFs, and 1- and 2-part fractures were regarded as nonsevere PHFs. The DTI was measured in the upper end of the deltoid tuberosity where the outer cortical borders were parallel. The ratio of the outer cortical diameter to the inner cortical diameter was defined as the DTI value at the site ([Figure 2](#fig2-2151459320938571){ref-type="fig"}).^[@bibr12-2151459320938571]^

![Deltoid tuberosity index.](10.1177_2151459320938571-fig2){#fig2-2151459320938571}

The 5 radiographic parameters designed to represent the appearance of the PHF are as follows: calcar comminution, metaphyseal extension, medial hinge disruption, shaft displacement, and displacement of the greater tuberosity (GT). We determined that there is calcar comminution if there is at least one intermediate fragment in the medial curvature of the lower part of the anatomical neck, as suggested by Osterhoff et al.^[@bibr19-2151459320938571]^ We checked whether the metaphyseal extension was less than 8 mm and the medial hinge disruption was more than 2 mm.^[@bibr20-2151459320938571][@bibr21-2151459320938571]-[@bibr22-2151459320938571]^ We also measured whether the head-diaphysis contact was less than 50% (displacement of shaft) and the displacement of GT was 10 mm or more on the coronal plane.^[@bibr23-2151459320938571]^

Statistical Analysis {#section6-2151459320938571}
--------------------

First, we performed univariable and multivariable logistic regression analyses to determine which variables were independent risk factors. The model derived from the logistic regression analysis was tested using the Hosmer-Lemeshow test. Second, we performed χ^2^ test, Fisher exact test, and Student *t* test to investigate the difference in PHF severity, BMD, and the DTI between the groups that met the criteria for each radiological parameter and those that did not. Third, to determine the correlation between the DTI and BMD, correlation coefficients and *P* values between the DTI and T score (hip, spine, and total) were obtained through correlation analysis. Moreover, an untrained medical doctor was trained to measure the DTI, and then the intraclass correlation coefficient (ICC) was analyzed to assess the consistency of the measurements. All statistical analyses were performed using SPSS v.16.0 (SPSS Inc), and a *P* value of less than .05 was considered statistically significant.

Results {#section7-2151459320938571}
=======

Demographic and Radiographic Analysis {#section8-2151459320938571}
-------------------------------------

A total of 100 PHF patients were included in this study. There were 30 men and 70 women, and the mean age was 66.4 ± 16.4 (19-91) years. There were 62 nonsevere PHFs (9 one-part and 53 two-part fractures) and 38 severe PHFs (27 three-part and 11 four-part fractures), according to the Neer classification. [Table 1](#table1-2151459320938571){ref-type="table"} summarizes the demographic data and radiographic analysis of all patients. Mean DTI was 1.38 ± 0.13 (1.13-1.74).

###### 

Demographic and Radiographic Analyses.

![](10.1177_2151459320938571-table1)

  -------------------------------------------------------
  Items                                    Outcome
  ---------------------------------------- --------------
  Mean age (years) (±SD)                   66.4 ± 16.4

   Younger than 50                         17

   50-59                                   14

   60-69                                   14

   70-79                                   36

   80 or older                             19

  Sex (M/F)                                30/70

  Mean BMI (±SD)                           23.2 ± 3.5

  Mean BMD (hip, ±SD)                      −1.9 ± 0.9

  Mean BMD (spine, ±SD)                    −2.3 ± 1.0

  Mean BMD (total, ±SD)                    −2.5 ± 0.9

   Normal                                  1 (2.6%)

   Osteopenia                              17 (44.7%)

   Osteoporosis                            20 (52.6%)

  History of hip fractures                 9

  History of spine fractures               5

  Charlson comorbidity index               1.0 ± 1.3

   Age-adjusted CCI                        3.3 ± 2.2

  History of osteoporosis medication (%)   10

  Mean DTI (±SD)                           1.38 ± 0.13

  Metaphyseal comminution                  Present: 41\
                                           Absent: 59

  Metaphyseal extension (\>8 mm)           Present: 41\
                                           Absent: 59

  Medial hinge disruption (\>2 mm)         Present: 56\
                                           Absent: 44

  Displacement of shaft                    Present: 21\
                                           Absent: 79

  Displacement of GT                       Present: 44\
                                           Absent: 56
  -------------------------------------------------------

Abbreviations: BMI, bone mass index; CCI, Charlson comorbidity index; DTI, deltoid tuberosity index; F, female; GT, greater tuberosity; M, male; SD, standard deviation.

Risk Factors for Severe PHF {#section9-2151459320938571}
---------------------------

The univariable analysis showed differences in age and sex, but no difference in other major items such as CCI and DTI between severe and nonsevere PHF groups ([Table 2](#table2-2151459320938571){ref-type="table"}). A multivariable logistic regression analysis was performed on variables with *P* values \<.25. Multivariable regression analysis showed that age (odds ratio: 1.044, range 1.011-1.079, *P* = .009) and female sex (odds ratio of female: 3.763, range 1.236-11.459, *P* = .020) were independent risk factors for severe PHF. The same trend was also observed when the age variable was converted into a categorical variable and applied to the additional multivariable logistic regression analysis. Patients aged 70 to 79 years old and those older than 80 years had significantly higher odds ratios than those younger than 50 years (19.982 \[1.419-281.284\] and 24.639 \[1.053-576.672\], respectively). If age was considered a continuous variable, the probability of severe PHF increased by 1.044 times as age increased by one year. Moreover, the probability of severe PHF in women is 3.763 times higher than in men. The *P* value of the Hosmer-Lemeshow test for multivariable analysis was .708 showing that the model of multivariable analysis was appropriate.

###### 

Univariable and Multivariable Logistic Regression Analyses Evaluating Risk Factors for Severe Proximal Humerus Fracture.

![](10.1177_2151459320938571-table2)

  ---------------------------------------------------------------------------------------------------------------------------------
  Variable                             Univariable analysis   Multivariable logistic regression analysis   Odds ratio (95% CI)
  ------------------------------------ ---------------------- -------------------------------------------- ------------------------
  Sex                                  0.004                  0.020^a^                                     3.763 (1.236-11.459)

  Age (continuous variable)            0.001                  0.009^a^                                     1.044 (1.011-1.079)

  Age (categorical variable)           0.021                                                               

   Younger than 50                                                                                         1

   50-59                                                      0.056                                        10.459 (0.946-115.616)

   60-69                                                      0.072                                        9.980 (0.816-122.115)

   70-79                                                      0.026^a^                                     19.982 (1.419-281.284)

   80 or older                                                0.046^a^                                     24.639 (1.053-576.672)

  History of hip fracture              0.216                  0.293                                        NA

  History of spine fracture            0.632                  NA                                           

  History of osteoporosis medication   0.410                  NA                                           

  BMI                                  0.136                  0.410                                        NA

  BMD (Hip)                            0.488                  NA                                           

  BMD (Spine)                          0.714                  NA                                           

  BMD (Total)                          0.480                  NA                                           

  DTI (continuous variable)            0.316                  NA                                           

  DTI (categorical variable)\          0.305                  NA                                           
  - DTI \< 1.4\                                                                                            
  - DTI ≥ 1.4                                                                                              

  CCI                                  0.922                  NA                                           

  Age-adjusted CCI                     0.073                  0.284                                        NA

                                                              Hosmer-Lemeshow test                         *P* = .708
  ---------------------------------------------------------------------------------------------------------------------------------

Abbreviations: BMD, bone mineral density; BMI, bone mass index; CCI, Charlson comorbidity index; CI, confidence interval; DTI, deltoid tuberosity index; NA, not applicable.

^a^ Statistically significant.

Differences in BMD, DTI, and Fracture Severity According to the Radiographic Parameters {#section10-2151459320938571}
---------------------------------------------------------------------------------------

[Table 3](#table3-2151459320938571){ref-type="table"} summarizes the results of BMD, DTI, and fracture severity according to PHF-related radiographic parameters. There was no significant difference in BMD between the groups that met the parameter criteria and those that did not. Similarly, no difference in DTI between the groups was seen. On the other hand, all groups satisfying the criteria were found to have a significantly higher percentage of severe PHF (*P* \< .001).

###### 

Comparison Between the Groups That Met the Parameter Criteria and Those That Did Not.

![](10.1177_2151459320938571-table3)

  Parameter                                              BMD           *P* value     DTI   *P* value   Severity   *P* value   
  ------------------------------------------------------ ------------- ------------- ----- ----------- ---------- ----------- -----------
  Metaphyseal comminution                                              .267                .561                               \<.001^a^
   Yes                                                   −2.74 ± 0.9   1.40 ± 0.14   26    15                                 
   No                                                    −2.40 ± 0.9   1.38 ± 0.13   12    47                                 
  Metaphyseal extension (\>8 mm)                                       .574                .750                               \<.001^a^
   Yes                                                   −2.62 ± 1.0   1.38 ± 0.13   28    13                                 
   No                                                    −2.46 ± 0.8   1.39 ± 0.13   10    49                                 
  Medial hinge disruption (\>2 mm)                                     .169                .660                               \<.001^a^
   Yes                                                   −2.68 ± 0.9   1.38 ± 0.14   32    5                                  
   No                                                    −2.23 ± 0.8   1.39 ± 0.11   6     57                                 
  Displacement of shaft (Head-diaphysis contact \<50%)                 .494                .054                               \<.001^a^
   Yes                                                   −2.33 ± 1.0   1.44 ± 0.16   16    10                                 
   No                                                    −2.59 ± 0.9   1.37 ± 0.12   22    18                                 
  Displacement of GT (\>10 mm)                                         .616                .837                               \<.001^a^
   Yes                                                   −2.46 ± 0.8   1.38 ± 0.13   33    11                                 
   No                                                    −2.61 ± 1.0   1.39 ± 0.13   5     51                                 

Abbreviations: BMD, bone mineral density; DTI, deltoid tuberosity index; GT, greater tuberosity.

^a^ Statistically significant.

Correlation Between BMD and Local Bone Density Represented by the DTI {#section11-2151459320938571}
---------------------------------------------------------------------

We analyzed the data from 100 patients. We conducted a correlation analysis to analyze the relationship between DTI and BMD ([Figure 3](#fig3-2151459320938571){ref-type="fig"}). Deltoid tuberosity index was significantly correlated with the hip (*r* = 0.549, *P* \< .001), spine (*r* = 0.461, *P* = .019), and total (*r* = 0.555, *P* \< .001) T scores. Hip BMD and total BMD were correlated with DTI more than spine BMD. The ICC for the DTI measurements was 0.81 (0.74-0.86, *P* \< .001), and the correlation coefficient was 0.69.

![Correlation between DTI and hip BMD (A) correlation between DTI and spine BMD (B) correlation between DTI and total BMD (C). BMD indicates bone mineral density; DTI, deltoid tuberosity index.](10.1177_2151459320938571-fig3){#fig3-2151459320938571}

Discussion {#section12-2151459320938571}
==========

The strong correlation between the DTI and BMD is likely to be applicable to clinical practice and may be useful to predict systemic osteoporosis. A low DTI and local osteoporosis should indicate systemic osteoporosis. Therefore, it is necessary to recommend BMD assessment to patients with low DTI and local osteoporosis. Several studies have shown that osteoporosis management has not been effectively implemented even after osteoporotic fractures.^[@bibr24-2151459320938571],[@bibr25-2151459320938571]^ Thus, as proper management can prevent osteoporotic fractures, the DTI can help screen for osteoporosis.

In this study, independent risk factors of severe PHF were age (old age) and sex (female). The results showed that the probability of severe PHF increases by 1.044 times as age increases by one year and that the probability of severe PHF in women is 3.763 times higher than in men. Since the response to trauma would be slower and weaker in older age population,^[@bibr26-2151459320938571]^ severe fractures may have occurred due to poor shock absorption. No clear cause has been identified to explain that women are a risk factor for PHF. However, the possible causes we suggest are as follows: (1) poor shock absorption, and (2) hormonal action. Further research is needed to determine the clear cause of this finding.

Conversely, our study's hypothesis that BMD and local bone density would be risk factors for severe PHF was rejected. Bone mineral density and the DTI were not related to severity using the Neer classification. This finding is in contrast to the general concept that if the bone is weak, the fracture will be severe. Weak bones may act only as one of the multiple factors causing severe fractures. There is a possibility that the adaptation to trauma is a more important factor for severe fracture like that seen in an older woman.

A previous study by Spross et al compared DTI with local BMD measured on the peripheral quantitative computed tomography (pQCT). It reported that DTI was strongly correlated with local BMD measured by pQCT (*r* = 0.90; 0.63-0.90; *P* \< .001).^[@bibr12-2151459320938571]^ On the other hand, we compared DTI with BMD of hip and spine for assessing the possibility of using DTI as a screening test for general osteoporosis. Also, we applied DTI and BMD to the factor analyses and compared them with several radiologic parameters. In short, a comprehensive analysis of PHF and osteoporosis was performed. These points are the advantages of this study. Handa et al evaluated the correlation between 3 methods for proximal humerus on a plain radiograph and BMD. Although they reported the strong correlations, they did not analyze the factor analyses.^[@bibr27-2151459320938571]^ Mazzucchelli et al reported that valgus impaction was significantly correlated with high DTI (≥1.4, *P* = .047). They included only several fracture types to the main analyses.^[@bibr28-2151459320938571]^

Although our results indicate that BMD and DTI are not significant risk factors for severity, great care should be taken when severe osteoporosis is involved during open reduction and internal fixation for PHF. If osteoporosis is severe, despite the 2-part fracture, fracture fixation is often weak and unstable, which can lead to severe complications such as fixation failure and nonunion. It is often necessary to supplement with autologous bone graft or allograft due to severe trabecular bone loss.^[@bibr9-2151459320938571]^ In such cases, osteoporosis medication is also recommended. There has been a debate about whether fracture patients may take bisphosphonate. However, recent articles suggest that taking bisphosphonate after fracture does not significantly affect fracture healing.^[@bibr6-2151459320938571],[@bibr29-2151459320938571]^ Although there has been a debate on whether the anabolic agent such as teriparatide enhances fracture healing,^[@bibr30-2151459320938571],[@bibr31-2151459320938571]^ the most recent studies suggesting that anabolic agents enhance fracture healing have been reported.^[@bibr32-2151459320938571][@bibr33-2151459320938571]-[@bibr34-2151459320938571]^ Therefore, anabolic agents should be considered to patients with severe osteoporosis who are more likely to develop nonunion.

In recent years, elderly patients with severe PHF tend to undergo reverse total shoulder arthroplasty (rTSA). Although rTSA is sometimes problematic in that there is no additional treatment option available for reoperation in the event of failure, many good results have been reported with the development of instruments and techniques.^[@bibr35-2151459320938571],[@bibr36-2151459320938571]^ The most significant advantage of rTSA in PHF is that it can solve all the problems of the patient in one operation. In addition, immediate shoulder rehabilitation can be performed after rTSA surgery, which will continue to be a promising treatment option. The pattern and severity of the PHF should be properly analyzed using Neer classification and various parameters. Reverse total shoulder arthroplasty should be actively considered for elderly patients with severe PHF and osteoporosis.

We defined 3- or 4-part fracture as severe PHF. There were no articles that provided clear reasons and criteria for diagnosing a severe PHF. We reviewed various articles and found that many of the articles mentioning severe PHF were based on the Neer classification.^[@bibr37-2151459320938571][@bibr38-2151459320938571][@bibr39-2151459320938571]-[@bibr40-2151459320938571]^ Many 1- or 2-part fractures were treated conservatively. Even with surgical treatment, fixation is easy and robust. Conversely, 3- and 4-part fractures are mainly treated surgically. Arthroplasty is also considered in the elderly because stable fixation is often difficult. Therefore, all authors agreed that 3- and 4-part fractures should be considered as severe fractures. Considering the result that BMD and the DTI were not related to the severity by Neer classification, whether Neer classification truly reflects fracture severity is debatable.

Our study has several limitations. First, this was a retrospective cross-sectional study. Thus, prospective parameter selection was not possible, and the data types were limited. A further prospective study is needed. Second, the sample size of our study was not large. Nevertheless, we derived statistically significant risk factors and correlation between DTI and BMD. Third, this study did not figure out the causes of the results. Further studies are needed to investigate the causes. Ultimately, big data or multicenter studies are required to conduct studies with a large number of patients on the relationship between PHF and osteoporosis.

Conclusion {#section13-2151459320938571}
==========

Age (older age) and sex (female) were the independent risk factors for severe PHF. Conversely, BMD and other medical comorbidities were not risk factors for severe PHF. Five radiologic parameters (metaphyseal comminution, metaphyseal extension, medial hinge disruption, displacement of shaft, and displacement of GT) were strongly correlated with severe PHF. In the main analysis, DTI was significantly correlated with the T score of BMD, and the ICC of DTI was significantly high. Therefore, DTI may be useful for screening osteoporosis in PHF patients.
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